Background Our aim was to compare the applications of totally implanted vascular access devices (TIVAD) and peripherally inserted central catheter (PICC) in breast cancer patients. Methods We analyzed 4080 cases of TIVAD and 1433 cases of PICC at the Breast Center of the Fourth Hospital of Hebei Medical University. The success rate, operation time, and procedures of catheterization, as well as the catheterization-related complications, catheter indwelling-related complications, and the utilization conditions were compared between these two methods.
Introduction
Chemotherapy is an important treatment for patients with malignant tumors, and intravenous injection is the main route of drug administration. Traditional infusion requires repeated puncture on the patient skin, which not only increases the pain, but also strongly stimulates the blood vessels and damages the skin or subcutaneous tissues due to the effects of chemotherapy drugs [1] . If the drug leaks into the surrounding tissue, it can cause necrosis in skin, tendon, and nerve blood vessels, leading to various dysfunctions. This problem brings pain and inconvenience to the patient and also increases the difficulty for the next chemotherapy cycle. Currently, the relatively safer intravenous administration methods include totally implanted vascular access devices (TIVAD) [2] and peripherally inserted central catheter (PICC) [3, 4] . In a non-randomized study, 106 patients reported that there were no significant differences in complication rates between ports versus PICC [5] . In comparison, a larger study, with over 1000 patients, reported a lower complication rate for ports compared to external lumen catheters [6] .Therefore, to compare these two methods, we analyzed the utilization and complications in the breast cancer patients who received chemotherapy via TIVAD or PICC at our center.
Materials and methods

General information
We did a retrospective analysis on 4080 patients who received TIVAD from April 2014 to March 2018 and 1433 patients who received PICC from January 2014 to March 2018 at the Breast Center of the Fourth Hospital of Hebei Medical University. All of the patients are breast cancer patients. The ages of TIVAD group ranged from 17 to 84 years old, with an average of 50 years old, and the ages of PICC group ranged from 32 to 58 years old, with an average of 43.4 years old. All the patients had breast cancer.
Venous port and PICC package
The venous port used for TIVAD group was purchased from Bard company (USA), and the catheter type was 7Fr or 8Fr. The PICC group used the three-way valve puncture package produced by Bard company (USA), and the catheter type was 4Fr or 5Fr.
Catheterization method
Venous port implantation
Venous port implantation was usually performed through the internal jugular vein or subclavian vein. The catheter eventually entered the superior vena cava, and the ideal position for catheter end was the junction between superior vena cava and right atrium. After the catheter was placed, a leather bag was set up at the subclavian fossa in order to fix the infusion set; the subcutaneous tunnel was also set up, and the thickness of the subcutaneous tissue embedding the infusion set was ideally 0.5-1.0 cm. The noninvasive needle penetrated the bottom of the port vertically through the skin, and then, it was connected to the infusion device for use.
The catheterization of PICC group
The catheterization of PICC group was operated by experienced nurses. The puncture site was 2-finger under the elbow fossa or above the elbow. The preferred needle insertion vein is basilic vein, followed by the median cubital vein, and then the cephalic vein. The catheter was inserted into the superior vena cava via basilic vein, and the catheter insertion length is from the puncture point to the left and right sternoclavicular joints along the vein, plus the section down to the third intercostal space. In general, the catheter insertion length was 40-55 cm. After insertion, the catheter was covered and fixed with a sterile transparent film.
After catheterization, the position of the catheter end was confirmed by X-ray examination.
Catheter maintenance
The catheter maintenance in TIVAD group
The catheter maintenance in TIVAD group was around the injection base of the infusion port. The surrounding skin area was disinfected from inside to outside within a diameter of 10-13 cm: Alcohol was applied first to degrease, and then, iodine cotton ball was used to disinfect; when the skin was dried, alcohol cotton ball was used for deiodination, clockwise, and counter-clockwise alternating three times; then, noninvasive needle was punctured and connected to a syringe containing 0.05U/L heparin saline, which was injected to seal the catheter in pulsed-type; the noninvasive needle was removed during infusion intermission. After the daily infusion, 20 ml saline was used to flush the tube in pulsed-type, and 5 ml saline was used to seal the tube with positive pressure. After one cycle of infusion, the butterfly-winged needle was removed, followed by pulsed tube flushing with 20 ml saline, and then tube sealing with 5 ml heparin saline (0.05U/L) with positive pressure.
The catheter maintenance in PICC group
The catheter maintenance in PICC group: The arm circumference was measured first; then, the skin surrounding the degreasing puncture point was disinfected with 75% ethanol cotton ball for three times and iodine cotton ball for three times, and the diameter of disinfected area was 10 cm; finally, 0.05U/L heparin saline was used to seal the tube in pulsed-type, and the tube was fixed with a sterile film. During routine maintenance, pulsed tube flushing was conducted with 10 ml saline before and after each infusion, in order to avoid deposition of fibrin in the catheter. The back-flushed blood was avoided during tube flushing. The infusion connector with positive pressure was used.
Evaluation method
The success rate of catheterization, operation time, catheter indwelling time, catheterization-related complications, and catheter indwelling-related complications was compared between the two groups.
Statistical analysis
Statistical analysis was performed using SPSS 13.0 software. The count data were analyzed by Chi-square test, and the measurement data were analyzed by t test. P \ 0.05 was considered statistically significant.
Results
Success rate of catheterization
The success rates were 99.0% (4042/4080) for TIVAD group and 99.5% (1427/1433) for PICC group. However, the one-time success rate of PICC group was significantly higher than TIVAD group (v 2 = 3.521, P = 0.038) ( Table 1) .
Operation time
The averaged catheterization operation time was 29.55 ± 4.0843 min for TIVAD group and 18.65 ± 4.7603 min for PICC group. PICC group had significantly shorter operation time than TIVAD group (t = 38.000, P \ 0.01) ( Table 1) .
Catheter indwelling time
The catheter indwelling time for TIVAD group was 42-1000 days, with an average of 508.55 days. And the catheter indwelling time for PICC group was 3-238 days, with the average of 129 days. Usually, the PICC catheter was removed by the end of chemotherapy. The reasons for halfway extubation were catheter rupture/break, catheterrelated infection, and venous port exposure for TIVAD group, and catheter detachment, catheter leakage, catheterrelated infection, and severe phlebitis for PICC group. By comparison, there was a significant difference in catheter indwelling time between the two groups (P \ 0.01) ( Table 1) .
Catheterization-related complications
There were 65 cases (1.59%) of catheterization-related complications in TIVAD group, including 12 cases of pneumothorax, two cases of hemothorax, 24 cases of ectopic catheter, seven cases of subcutaneous hemorrhage, one case of lymphatic fistula, 12 cases of port hematoma, and seven cases of accidental artery catheterization. There were 13 cases (0.91%) of catheterization-related complications in PICC group, including two cases of errhysis at puncture site, six cases of catheter aberrance, and five cases of mechanical phlebitis. The rates of catheterization-related complications were significantly lower in the PICC group (v 2 = 3.578, P = 0.035) ( Table 1) .
Catheter indwelling-related complications
There were 101 cases of catheter indwelling-related complications (2.47%) in TIVAD group, including 13 cases of infection, six cases of infusion set exposure, five cases of infusion set reversal (reel syndrome), 15 cases of catheter rupture/break, six cases of infusion site exosmosis, and 56 cases of catheter obstruction. For PICC group, there were 52 cases of catheter indwelling-related complications (3.62%), including 23 cases of infection, five cases of skin allergic changes, four cases of phlebitis, two cases of catheter coming off, four cases of thrombosis, and 14 cases of catheter obstruction. Therefore, the rates of catheter indwelling-related complications were significantly lower in TIVAD group (v 2 = 5.227, P = 0.016) ( Table 1 ).
Discussion
Chemotherapy is the primary treatment for malignant tumors. In recent years, as the cancer incidence is increasing, the intravenous infusion methods have become the focus for medical practice, in order to both alleviate the suffering of patients and ensure better treatment. The traditional peripheral intravenous infusion not only increases the risk of phlebitis and local necrosis for patients, but also adds a significant amount of work to the nurses due to the multiple times of puncture. Therefore, choosing a venous access that is convenient, safe, and less painful is also very important for cancer treatment. In recent years, with the maturity of PICC and TIVAD technologies, more and more cancer patients use these methods for chemotherapy [7, 8] . TIVAD may be associated with some complications such as arrhythmias, pneumothorax, and arterial perforation; mechanical problems such as catheter fracture/disruption and catheter migration, extravasations, infections, occlusions, and vein thrombosis [9, 10] . The major complication rate of TIVAD ranges from 3.5 to 19% in retrospective studies [11, 12] . The complication rates of PICC ranged from 8 to 50% [13] [14] [15] , which are higher than those associated with ports. The common complication of PICC contains infection, dislodgment, thrombosis, rupture, phlebitis, and mechanical failure [16] . However, there is no clear or consistent evidence as to which type of CVC is safer or preferable. In this study, we compared and analyzed the clinical use of PICC and TIVAD, aiming to provide useful information to cancer patients and help them choosing a more suitable infusion method. So far, the catheterization of PICC and TIVAD has been established at our center, and both methods can achieve a high success rate of catheterization. However, the success rate in PICC group is still higher than TIVAD group, and the catheterization-related complications were significantly higher in TIVAD group. This is likely due to the special anatomy of the puncture site in TIVAD group, which makes it easier to puncture into the artery and results in pneumothorax, hemothorax, and vascular variation. Although the puncture was successful, the vascular variability might occur during the catheter delivery process, causing catheterization failure or secondary adjustment after surgery. In terms of the operation time, PICC group was significantly shorter than TIVAD group. Also, the operation in PICC is relatively simple, short, and easy to learn and can be operated in the ward. On the contrary, TIVAD needs to be carried out in the operating room and has high requirements for both operator and operating conditions. Therefore, in terms of the procedure, catheterization-related complications, and the operation time, PICC is obviously better than TIVAD.
Since some part of the catheter stays outside of body in PICC, the incidences of infection, phlebitis, catheter damage, arm swelling on the catheter placed side, catheter obstruction, and difficulty in blood withdrawal are higher [17] . In contrast, TIVAD uses subcutaneous-implanted intravenous infusion device. Although the complications such as infection and catheter occlusion can also happen [18] , TIVAD is still relatively safer than PICC. In addition to the serious complications such as pneumothorax and blood pneumothorax in TIVAD, there are also some fatal complications such as catheter rupture/break that might happen during the catheter indwelling process. Since 2008, our center has performed 4080 cases of TIVAD, in which 15 cases had catheter rupture/break. Although all these cases were treated and remedied in time, the catheter end of one patient accidentally entered the pulmonary artery when we tried to take out the broken catheter. The catheter was eventually removed through the chest, and the patient was no longer in danger. Most of the studies show that the IV port can stay in body for a long time. However, based on the large number of cases we performed, we think the IV port should be removed as soon as possible after all the treatments, in order to avoid serious complications.
In addition, taking care of PICC is relatively complicated. It needs maintenance every week, and the film needs to be changed quite often. Due to the external part of the catheter in PICC, the local area needs to be kept clean and dry. If the film is curled or loose, it should be replaced as soon as possible [19] . Chen et al. [20] investigated the status of knowledge, attitude, and practice (KAP) toward the daily management of PICC in critically ill cancer patients, and they found that the KAP status toward the daily management of PICC in critically ill cancer patients discharged from intensive care units is not optimistic and needs to be further improved. Also, the arm on the catheter side should not lift heavy objects. Although the daily activities of the patients are not affected, most of the PICC patients still feel that the life quality is affected. Especially for the arm on the catheter side, its movement is not convenient. On the contrary, for TIVAD, it only needs maintenance once every month. According to most of the current chemotherapy regimens, TIVAD patients only need to take care of the catheter during chemotherapy, and it does not affect the patient daily activities.
In summary, although TIVAD has more complications than PICC during the catheterization, it is more convenient during the process of catheter indwelling and has fewer complications. Also, TIVAD does not affect the daily activities of the patient. Thereby, compared to PICC, TIVAD can greatly improve the life quality of the patient and reduce the workload of the nurses. Therefore, TIVAD is recommended for the patients who require long-term and high-dose chemotherapy such as eight cycles or more chemotherapy and those patients who lived far away from the hospital, while PICC is more suitable for the patients with shorter chemotherapy duration such as four-cycle chemotherapy or living close to hospital. 
